Fan flow deflection for jet noise reduction was applied to subscale nozzles simulating the geometry and exhaust conditions of separate-flow turbofan engines. Two types of deflectors were tested, one comprising two pairs of vanes internal to the fan duct and the other consisting of a wedge positioned outside the fan duct. The noise reduction achieved by the vanes was strong in the downward direction and moderate in the sideline direction. The wedge generated significant attenuation in both directions. The acoustic results are consistent with the measured distortion of the mean velocity field. An approach for the treatment of nonaxisymmetric jets vis-à-vis perceived noise prediction is introduced. 
Fan flow deflection for jet noise reduction was applied to subscale nozzles simulating the geometry and exhaust conditions of separate-flow turbofan engines. Two types of deflectors were tested, one comprising two pairs of vanes internal to the fan duct and the other consisting of a wedge positioned outside the fan duct. The noise reduction achieved by the vanes was strong in the downward direction and moderate in the sideline direction. The wedge generated significant attenuation in both directions. The acoustic results are consistent with the measured distortion of the mean velocity field. An approach for the treatment of nonaxisymmetric jets vis-à-vis perceived noise prediction is introduced. I. Introduction S EVERAL years ago experiments at University of CaliforniaIrvine using eccentric dual-stream jets with a normal velocity profile showed considerable noise reduction in the direction of the thickened secondary (outer) flow [1] . The jets were high-speed, and the bypass ratios were small. Recently, the noise reduction trends observed in those experiments were verified in a larger rig at NASA Glenn Research Center [2] . Other researchers have independently observed similar benefits of offset coannular nozzles [3] . The concept of offset nozzle flows is an intriguing prospect for reducing turbulent mixing noise in high-bypass separate-flow turbofan engines used on commercial jetliners. Eccentric or severely offset nozzles are probably not viable because of the drastic redesign of the nacelle and the messy flow path in the outer nozzle. An alternative is to keep the exhaust coaxial but deflect the secondary (fan) flow using vanes or similar devices in the secondary flow path. Figure 1 provides a simplified view of this concept whereby the vertical lift of the vanes causes a downward deflection of the fan stream. Realistic applications would involve simultaneous downward and sideward deflections for suppression of noise underneath the aircraft and on the sideline. The method of fan flow deflection (FFD) has been tested in a variety of subscale experiments using coannular nozzles with simple flow lines [4, 5] . The results appear promising both for low-bypass and high-bypass applications.
The physical mechanisms of noise reduction in offset jets are probably very complex and multifaceted. The experimental evidence so far indicates that, using offset nozzles or FFD, there is always a reduction of peak noise in the azimuthal direction of the maximum thickness of the fan flow. The peak noise is associated with sound generated by large-scale turbulent eddies [6] . For this reason, the main effect of offset nozzle flows is thought to be on the generation of noise from large-scale eddies. Mean velocity measurements indicate that the thickened secondary flow has the ability to reduce the convective Mach number of turbulent eddies near the end of the primary potential core, a region of intense turbulence activity, thereby curtailing the ability of these eddies to generate sound that reaches the far field in the direction of the thickened secondary flow [5] . This is a preliminary explanation of the phenomenon that addresses only one possible mechanism. Additional mechanisms may include reduction in the mean-flow gradients, reduction in the turbulent kinetic energy, and refraction of sound.
Importantly, the offset method also impacts another source of turbulent mixing noise, sound from fine-scale turbulence, in ways that are more unpredictable. Although this type of noise is weaker than sound from large-scale turbulence, it propagates in the lateral and upstream directions and can thus influence the perceived noise level. Eccentric nozzles invariably increase the fine-scale noise, as evidenced in past experiments [1, 2] . Fan flow deflection can have a positive or negative effect depending on the details of the implementation. In fact, the choice of optimal deflectors will hinge on their ability to suppress large-scale noise as much as on their ability reduce, or not aggravate, fine-scale noise. For this reason, it is important to include in the acoustic evaluation metrics of community noise, such as the effective perceived noise level (EPNL), even if the experiment does not capture all the aspects of the engine environment.
Given the sensitivity of noise reduction on the details of the fan flow deflectors, it is essential to conduct experiments in nozzles that duplicate the complex exhaust flow passage of modern turbofan engines. This paper extends earlier work on FFD in simple nozzles to exhaust configurations with realistic flow lines. The investigation is initial, and the deflector arrangements have not been optimized. Acoustic results are accompanied by mean velocity measurements to gain some insight into the physics of noise suppression and the differences between the various deflector configurations.
II. Experimental Setup

A. Nozzle
The nozzle was a scaled-down version of the bypass ratio 5 baseline separate-flow nozzle used in heated air tests at NASA Glenn Research Center (GRC) [7] , referred to as the "3BB" nozzle. The radial coordinates of the 3BB nozzle, obtained from GRC, were scaled down by a factor of 8 so that the nozzle mass flow rate would fit the flow capacity of our lab. Stereolithography files were generated, and the nozzle components were rapid prototyped from plastic (epoxy resin) material. Because this material becomes fragile for very small thickness, the relative thickness of the nozzle at the trailing edge is larger than that of the nozzle used in the GRC tests. The nozzle dimensions are listed in Table 1 . The coordinates will be shown later in the description of the deflectors.
The nozzle was attached to the dual-stream apparatus shown in Fig. 2 . Mixtures of helium and air were delivered to the primary (core) and secondary (fan) nozzles. The helium mass fraction and the total pressure p 0 of each mixture were determined by the desired exit velocity and Mach number. For each stream, the individual mass flow rates of air and helium were calculated based on the helium mass fraction and the total pressure. Corresponding to the mass flow rate of air is the total pressure of the air flow alone p 0 air . The helium mass fraction was set by first running air alone through the nozzle to match p 0 air , then adding helium to match p 0 . This is the same procedure used by Doty and McLaughlin [8] in their single-stream helium-air mixture jets. The total pressures were held to within 0.5% of the target values, resulting in errors of 0.3% in the velocity and 0.2% in the Mach number.
Two types of investigations were conducted: acoustic surveys and mean velocity surveys. For the acoustic tests, helium-air mixtures were used in the core and fan streams to match the typical exit conditions of a separate-flow turbofan engine with bypass ratio 4.8 at takeoff power. The Reynolds number of the jet, based on fan diameter, was 6 10 5 . The mean-flow surveys required long run times for which use of helium-air mixtures would have been prohibitively expensive. These tests used pure air in both the fan and core streams and so the velocity magnitudes are not realistic. However, the velocity ratio (U s =U p 0:7) matched that in the acoustic tests; hence, some fundamental fluid mechanics of mixing were preserved.
B. Deflectors
The deflectors covered in this paper reflect an initial nonoptimized investigation of FFD in realistic nozzles. Two types of deflectors were tested: one comprising two pairs of vanes internal to the fan duct (4V) and the other consisting of a wedge external to the fan duct (W e ). The vane arrangement is similar to one of the promising configurations tested previously in a conventional coaxial nozzle [5] . Table 2 describes the two configurations, and Figs. 3 and 4 plot the respective geometries. The vanes were fabricated from a 0.13-mm brass sheet and were attached to the outer surface of the inner nozzle with adhesive. Electrical tape (0.18-mm thick) was wrapped around the vanes to produce a round leading edge. The Mach numbers at the leading and trailing edges were estimated to be 0.4 and 0.7, respectively. The wedge-type deflector was a triangle cut from 3.5-mm-thick nylon sheet. The thickness of the wedge, 3.5 mm, was larger than the fan exit height (3.1 mm). It is evident from the diagrams of Figs. 3 and 4 that the 4V deflector is supposed to impart a mostly downward deflection of the bypass plume, whereas the W e deflector is expected to induce azimuthal motions that force the plume sideward (symmetrically around the vertical plane) and downward. The fluid mechanics of the deflectors will be discussed in section III.B. Based on a recent computational study of the aerodynamics of internal vane deflectors [9] , the static-thrust loss of case 4V is expected to be around 0.2%. No aerodynamic data exist yet for the wedge flow.
C. Noise Measurement
Noise measurements were conducted inside an anechoic chamber using a 3.2-mm condenser microphone (Brüel & Kjaer 4138) with frequency response of 140 kHz. Figure 5 shows the layout. The microphone was mounted on a pivot arm and traced a circular arc centered at the jet exit with a radius of r 0:96 m. digital board (National Instruments PCI-6070E) installed in a Pentium 4 computer. Each recording consisted of 54,280 samples (135 ms), corresponding to the passage of about 10,000 eddies the size of the inner-jet diameter. The signal was high-pass filtered at 500 Hz by a Butterworth filter to remove spurious low-frequency noise. The narrowband power spectrum of the microphone voltage was computed using a 2048-point fast Fourier transform providing a spectral resolution of 195 Hz. Each sound spectrum was corrected for the microphone frequency response, free field response, and atmospheric absorption. Integration of the corrected (lossless) spectrum yielded the overall sound pressure level (OASPL).
Repetition of an experiment under varying temperature and relativehumidity conditions (typically from 20 to 50%) yields spectra that differ by at most 0.5 dB. Comparison of the acoustics of our coaxial helium-air mixture jets with the acoustics of similar large-scale heated jets shows excellent agreement in all measures of noise: spectral shapes, spectral levels, and overall sound pressure levels [10] .
In assessing the acoustic merits of each configuration, it is important to include metrics of community noise, namely the perceived noise level (PNL). To resolve the full-scale audible spectrum pertinent to the PNL, the sound spectra were extrapolated to frequencies higher than those resolved in the experiment (140 kHz) using a decay slope of 30 dB=decade. This highfrequency roll off is consistently observed in spectra of large-scale and fine-scale turbulence noise of high-speed jets with a variety of nozzle shapes, as studied by Tam [11] . The PNL results are fairly insensitive on the assumed roll-off slope, and even an assumed slope of zero will yield an EPNL difference increase of no more than 0.2 dB. The reason is that sound at high frequency is damped very rapidly by atmospheric absorption. To scale up the results, the laboratory frequency was divided by the scale factor T eng =T exp p . Earlier papers have described the conversion of spectra to EPNL measured by the takeoff monitor, a location directly underneath the flight path [5] . Because the sound emitted by the jets of this study has strong azimuthal dependence, the prediction of sideline EPNL is much more elaborate. Outlined here are procedures for assessing sideline EPNL for sound fields that are not necessarily axisymmetric. This is relevant for processing the current data and for providing guidance to future studies of nonaxisymmetric jets. Figure 6 shows the flight paths considered. The flyover path is straight and level at an altitude of 460 m. To conform with flyover EPNL calculations of previous investigations [7] , the angle of attack of the engine axis was set to 0 deg. However, given the strong polar directivity of jet noise, consideration of a realistic flyover angle of attack ( 10 deg) would be advisable as a future standard in predicting EPNL from laboratory tests. For the sideline noise, the flight path comprises a horizontal takeoff roll followed immediately by a straight climb at angle 15 deg and 10 deg. The sideline noise is monitored on a line parallel to the runway centerline and offset by 450 m. Letting x sl denote the distance along the sideline, measured from the liftoff point, the sideline EPNL first rises then falls with increasing x sl . The maximum level, found here iteratively, is the one used in certification. For both flyover and sideline predictions the aircraft velocity is 100 m=s (M 1 0:28).
We now construct geometric relations for the observation distance and angles of the jet exhaust from an arbitrary point on the ground. Figure 7 shows the geometric constructions. Using the Cartesian coordinate system x; y; z, the airplane's actual position is x 0 ; y 0 ; 0, 
Assuming that the axis of the jet exhaust is aligned with the longitudinal axis of the airplane, the angle of the jet axis with respect to the horizontal is . The jet axis intercepts the ground at x 1 ; 0; 0, where
From the geometry of the top diagram of Fig. 7 , the polar observation angle is
where
Referring to the lower diagram of Fig. 7 , the azimuth observation angle is tan z 0 y cos (4) Figure 8 plots the relation between azimuth and polar angles observed from various positions along the sideline. Flight parameters are 15 deg and 10 deg. The maximum EPNL is found to occur for 500 < x sl < 1000 m. This gives us clues as to which combinations of and are relevant to sideline EPNL. For example, in the polar direction of peak sound emission ( 30 deg
The computation of EPNL is based on engine thrust T eng 225 kN (scale factor of 70) and involves the following steps:
1) The aircraft position is computed every 0.5-s interval. For each observation time t, the distance rt, polar emission angle t, and azimuth emission angle t are computed from Eqs. (1-4) .
2) For each t, the lossless scaled-up spectrum corresponding to t and t is obtained. This step requires interpolation between spectra and, for polar angles outside the range covered in the experiment, moderate extrapolation. To enhance the accuracy of interpolation or extrapolation, the spectra were smoothed using a Savitzky-Golay filter [12] that removes extraneous wiggles but preserves the basic shape of the spectrum.
3) The spectrum is Doppler shifted to account for the motion of the aircraft. The relations of McGowan and Larson [13] are used:
The convective Mach number M c is obtained from the empirical relations of Murakami and Papamoschou [14] .
4) The spectrum is corrected for distance and atmospheric absorption. The distance correction is 20log 10 r=D f eng
The absorption correction is applied for 29 C ambient temperature and 70% relative humidity (conditions of least absorption) using the relations of Bass et al. [15] .
5) The spectrum is discretized into 1=3-octave bands, and the PNL is computed according to Part 36 of the Federal Aviation Regulations [16] .
6) The PNL is corrected for lateral attenuation according to SAE AIR 1571 [17] . This applies to only the sideline estimate.
7) The above steps result in the time history of perceived noise level, PNLt. From it, the maximum level of PNL (PNLM) is determined. The duration of PNL exceeding PNLM 10 dB is calculated, and the corresponding "duration correction" is computed according to FAR 36. The EPNL equals PNLM plus the duration correction. This estimate of EPNL does not include the "tone correction," a penalty for excessively protrusive tones in the 1=3-octave spectrum that are absent from our spectra anyway. In presenting the PNLt results, the time origin is defined as follows: For the flyover, t 0 corresponds to the passage of the aircraft directly over the observer. For the sideline, t 0 is the time at liftoff.
The EPNL estimate is used here as a means to integrate all the acoustic features into a preliminary assessment of community noise and thus a preliminary "figure of merit" for each configuration. The estimate does not include factors such as aerodynamic effects of forward flight, installation effects, and noise from sources other than turbulent mixing noise (e.g., fan tones, airframe sound) that affect the EPNL of a real airplane.
D. Mean Velocity Measurement
A Pitot rake, shown in Fig. 9 , was used to survey the total pressure in the jet plume. The rake consisted of five stainless steel tubes, each 70-mm long, supported by an airfoil-shaped holder. The tubes were mounted 10.2 mm apart, and their inner diameter was 1.0 mm. The rake was mounted on a carriage with motorized motion in the y direction and manual positioning in the x and z directions. The probe second from the top is the reference probe, initially positioned at the tip of the plug. The negative y direction defines the direction of the ground ( 0).
The five probes of the rake were connected individually to five pressure transducers (Setra Model 207). The transducers were mounted on the traverse assembly to minimize the length of the tubing from the probe to the transducer. This arrangement minimized the response time of the probe-transducer system to values low enough to resolve the sharp spatial gradients in total pressure near the nozzle exit. The typical carriage speed was 10 mm=s and the transducers were sampled each at 1000 samples per second by an analog-to-digital board. Each y traverse resulted in 8000 samples. Mach number and velocity were computed from the pitot pressure assuming constant total temperature (equal to the ambient temperature) and uniform static pressure. For each axial location the rake traversed the plume in the y direction a total of four times. Each time, the rake was moved by a z increment of 2.54 mm, i.e., one-fourth of the probe spacing. This resulted in 20 z locations being surveyed for each x. The survey resolution was 2.5 mm in z and 1.0 mm in y. A total of 25 x locations were surveyed for each case, with x=D f ranging from 0 to 10. The surveys assumed symmetry of the velocity field around the plane z 0. Therefore, the surveys resolved the region z 0 and a small portion of the region z < 0 near z 0. Velocity data from the latter region were used to determine the true plane of symmetry of u, which may differ slightly from the geometric plane z 0. The true plane of symmetry was then used to make a mirror image of the velocity data.
III. Results and Discussion
A. Acoustics Figure 10 compares the far-field sound pressure level spectra of case 4V with the baseline for a variety of polar angles and for microphone azimuth angles of 0 and 60 deg. At 20 deg we note a deep reduction in the downward sound emission, as much as 17 dB at f 10 kHz. This is consistent with the main attribute of FFD to reduce noise from large-scale turbulent eddies, which radiate at polar angles near the jet axis. Reduction in the sideline noise is moderate, approximately 5 dB at f 10 kHz, and a crossover occurs for f > 30 kHz. As the polar angle increases, the downward noise reduction remains substantial up to about 60 deg, whereas the sideline reduction fades away for > 40 deg. At 90 deg the spectra of 4V practically coincide with those of the baseline jet. At higher polar angles, there is a moderate noise increase at medium frequencies for 0 deg but no significant increase for 60 deg. The OASPL directivity of 4V is shown in Fig. 11 for all the azimuth angles surveyed. At 20 deg there is a large reduction of the downward OASPL of around 9 dB, consistent with the corresponding spectral decrease in Fig. 10 . The peak level of downward OASPL drops by 6.5 dB. Significant reduction in downward OASPL occurs for < 50 deg followed by a small increase in OASPL, around 2 dB, for > 70 deg. The effect of increasing azimuth angle is to progressively lessen both the decrease in peak OASPL and the increase in lateral OASPL. The increase in lateral OASPL at large polar angles could be due to the enhanced velocity gradients in the radial direction, and ensuing increased turbulent kinetic energy, at the top of the jet. Figure 12 plots the PNL time histories of 4V for the flyover and sideline observation stations (flight paths of Figs. 6a and 6b, respectively). Times on the left side of the peak correspond to large polar angles, and times on the right side of the peak correspond to shallow polar angles. The flyover plot captures the large spectral reductions at small and the moderate noise increase for large . There are reductions in both the peak level of PNL and the duration of the 10-dB down level, resulting in an EPNL reduction of 4.0 dB. The sideline PNL time history reflects the moderate noise reduction at shallow polar angles and the lack of change for large polar angles. The peak level is basically unchanged, and the benefit comes from the reduced time duration of the 10-dB down level. The sideline EPNL is reduced by 1.0 dB. In summary, this particular vane configuration is very effective in reducing the perceived noise level directly underneath the aircraft but yields modest reduction in the sideline perceived noise level.
We now examine the acoustics of the external wedge deflector, case W e . Figure 13 plots the far-field sound pressure level spectra for various polar angles and for azimuth angles 0 and 60 deg. We note some important differences from the corresponding spectra of case 4V (Fig. 10) . Case W e gives more moderate spectral reductions, but they are practically the same at 0 and 60 deg. There are no significant crossovers, and unlike 4V, the spectral levels at large polar angles do not show any noticeable increase. The results of Fig. 13 indicate that the wedge-shaped deflector yields a noise reduction that is more uniformly distributed in polar and azimuth angles.
The above observation is also reflected in the OASPL directivity plotted in Fig. 14. There are appreciable OASPL reductions for polar angles up to 80 deg, with small reductions persisting up to 110 deg. In the downward direction, the peak OASPL drops by 4 dB. The OASPL reduction does not change much as the azimuth angle increases from 0 to 60 deg. At 90 deg we observe a small increase in the OASPL levels, but they are well below the baseline levels for < 80 deg.
The PNL time histories of case W e , plotted in Fig. 15 , show the effectiveness of this configuration in reducing flyover and sideline noise by roughly the same amount. The reduction comes mainly from the drop in the peak level of PNL. The 10-dB down duration factor is slightly worse for W e than for the baseline. The EPNL reductions are 4.0 dB for flyover and 3.8 dB for sideline. A possible practical implementation of the external wedge deflector could involve passive or active reshaping of the pylon supporting the engine.
B. Mean Flow
The mean-flow results are presented in the form of isocontours of u=U p on various planes. The coordinate system is illustrated in Fig. 9 , with negative y indicating the direction of the ground. The surveys start at the tip of the plug that is located at x=D f 1:0, with x 0 defining the exit plane of the fan nozzle. Figure 16 shows the velocity isocontours on the plane z 0 for the three cases investigated. Jet 4V experiences a significant downward deflection. Based on the shift of the u=U p 0:2 contour from the baseline at x=D f 10, the deflection angle is 3 deg. We observe a significant reduction in the length of the primary potential core, defined here as the area enclosed by the u=U p 0:9 contour, from L p =D f 5:1 for the baseline to L p =D f 4:0 for case 4V. It is apparent that the vanes of case 4V produce the dual effect of concentrating low-speed flow on the underside of the jet and enhancing mixing that shortens the primary potential core. The changes in the velocity isocontours of jet W e are more subtle. The overall deflection of the flow is very small. There is some asymmetry around the x axis, but from this view, it appears weak relative to that of the 4V jet. The length of the primary potential core is reduced slightly from L p =D f 5:1 to 4.8. The velocity defect caused by the wedge is evident on the upper contours up to x=D f 2:0. From this preliminary observation, and given the size of the wedge used, we infer that the length of the recirculation region is roughly 10 times the base of the wedge, whereas this ratio is around 3 for a fully immersed wedge of similar angle [18] . It is expected, therefore, that the drag of the W e wedge, whose base is open to the ambient pressure, is much less that the drag of a fully immersed wedge.
An axial station of interest regarding noise emission from largescale structures is the end of the primary potential core. Phased array measurements indicate that the strongest noise sources are concentrated near this region [19] . Accordingly, we examine the mean velocity on the plane x L p to identify basic trends created by the fan flow deflectors. Figure 17 components (fan duct, core duct, and plug). The contours for jet 4V are highly distorted downward with little sideward deflection, consistent with the azimuthal placement of the vanes shown in Fig. 3 and their relatively high angles of attack. On the other hand, the contours of jet W e are distorted moderately, and the deflection is fairly uniform for 90 < < 90 deg.
If we were to hypothesize that thickening of the lower-speed region of the jet causes noise reduction in the direction of the thickening, the appearance of the contours of Fig. 17 would suggest that jet 4V is very quiet downwards but not sidewards and that jet W e is moderately quiet both downwards and sidewards. This hypothesis, though simplistic, does correlate with the OASPL results of Figs. 11 and 14. There are important details, however, that must be added to this picture for a more complete acoustic assessment. Case 4V indeed was dramatically quieter in the downward direction of peak emission but caused some noise excess in the lateral direction. On the other hand, case W e caused a moderate downward reduction that was spread over a larger range of polar angles. This rendered the downward EPNL benefit of W e practically the same as that of 4V. In the sideward direction ( > 0 deg), case W e again provided a benefit over a larger range of polar angles, and this benefit persisted all the way to 90 deg. The connection between the acoustic field and the mean-flow field presented here is very preliminary and will be followed up by a rigorous analysis of the mean velocity distribution, including inflectional layers [5] and radial gradients. Perhaps one lesson that can be drawn at this point is that moderate deflections are preferable to large deflections. This would also make sense from the standpoint of aerodynamic efficiency.
The aerodynamics of the wedge-shaped deflector are unique and need to be studied carefully. A surface flow visualization using ink, shown in Fig. 18 , shows that the streaklines from the base of the wedge do not close in the vicinity of the wedge, supporting the evidence from the velocity contours (Fig. 16c) that this wedge produces a long recirculation region. The primary difference from the classic, fully immersed wedge problem is that the top side and base of the wedge are exposed to the ambient (in our case stagnant) air. Therefore, on the free surface of the jet stream flowing around the wedge, the pressure must be ambient. Also, the back pressure is expected to be close to the ambient value. Another important aspect of the wedge deflector is that its ability to push flow downward depends on the shape of the baseline nozzle [20] . In the 3BB-type nozzle the flow lines past the fan exit are convergent, thus imparting a downward movement of flow deflected by the wedge. If the nozzle lines are parallel at the exit, the wedge pushes flow in the sideward 90 deg direction only, in which case no downward noise reduction is expected.
IV. Conclusions
Subscale tests at exhaust conditions and nozzle configurations corresponding to high-bypass separate-flow turbofan engines indicate that fan flow deflection is an effective method for reducing turbulent mixing noise. Two types of deflectors were tested: one comprising two pairs of vanes internal to the fan duct and the other consisting of a wedge positioned outside the fan duct. The noise reduction achieved with the vane-type deflector was strong in the downward direction and moderate in the sideline direction. The wedge-type deflector generated significant noise attenuation in both the downward and sideline directions. The above trends are consistent with the deformation of the mean velocity field. The vanes deflected the fan flow mostly downward and generated a thick lowspeed layer that was confined to the underside of the jet. In contrast, the wedge caused more moderate deflections over roughly an 180 deg arc enveloping the lower half of the jet. The results are particular to the geometry of the deflectors and nozzle tested here. However, they provide guidance over what the desirable deformation of the mean velocity field is to achieve optimal noise suppression. It is important to note that the present study examined the effect of fan flow deflectors on jet mixing noise alone. The deflectors, particularly the internal vanes, could also impact rearward propagating fan noise in ways that remain to be studied.
